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HIGH FSEQUENCY ELECTRIC TOOTHBRUSH 

BACKGROUND OF THE INVENTION 

Fieia Qt the Present Ipvention 

The present invention relates to electric 
5 toothbrushes, and more specifically to 

electromagnetic motor drives that operate at 
resonant frequency to drive a brush head. 

p^ggription of the Prior Art 

Electric toothbrushes are generally well known. 

10 Also well known are the benefits of driving the 
toothbrush head with a mechanism operating at 
resonance. At high operating frequencies, driving 
the toothbrush head by a resonant mechanism 
maximizes the displacement of the brush head which 

15 optimizes the removal of plaque and stains from 
teeth. The resonant mechanism driving the brush 
also allows the brush head to move at these higher 
frequencies with more efficient power usage. 
Electric toothbrushes provide benefits not 

20 obtainable by manual brushing, including more 
complete and consistent cleaning action. 

Numerous electric toothbrushes have been 
developed that employ spring-mass systems driven by 
electromagnetic motors operating a resonant 

25 mechanism to drive the brush head at resonant 

frequencies. Typically, the rotor, brush shaft and 
brush head constitute the mass, while a spring is 
used to urge the brush shaft to a rest position and 
assist in obtaining resonant frequency. 

30 U.S. Patent No. 2,917,758 to Held, et. al., 

describes an electrically controlled toothbrush 
having an elongated handle containing an electric 
motor and a shaft attached to the electric motor. 
The shaft extends through the handle and terminates 

35 in a removable brush head. The shaft is attached to 
the rotor of the electric motor, ffhen an 
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alternating current is applied to the stator coil, 
the rotor and shaft are subjected to a reciprocating 
torque which causes them to rotate in an oscillating 
manner about the longitudinal axis of the shaft at 
5 the frequency of the voltage applied. A spring is 

connected to the rotor to urge the rotor into a rest 
position. To maximize the amplitude of the 
oscillating motion of the shaft, the moment of 
inertia of the rotor and shaft and the 

10 characteristic properties of the spring are selected 
so that the natural mechanical resonant frequency of 
the rotor and shaft is close to the frequency of the 
power supply. 

U.S. Patent No. 3,535,726 to Sawyer describes 

15 an electric toothbrush having an elongated handle 

containing an electric motor and a shaft attached to 
the electric motor. The shaft extends from an end 
of the handle and terminates in a brush head. The 
motor works to actuate the brush head in a variety 

20 of sinusoidal motions. The shaft external to the 

handle acts as a cantilever resonating beam and has 
the same resonant frequency as the power supply. 
The shaft is attached to the motor such that the 
rotation of the motor excites the shaft in an 

25 eccentric manner, thus creating the sinusoidal 

movement of the brush head. The movement of the 
brush head generates sonic waves to clean the teeth 
of the user. 

U.S. Patent No. 3,538,359 to Barowski describes 
30 an electric toothbrush having a handle containing an 
electric motor and a shaft attached to the motor and 
extending from the handle. The shaft terminates in a 
brush head. Upon actuation by the electric motor, 
the shaft oscillates zUsout its longitudinal axis. 
35 Springs are attached to the armature to urge the 

armature to a rest position, and also facilitate the 
oscillating motion of the brush head. No mention is 
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made of using resonating frequencies in the Barowski 
patent. 

U.S. Patent No. 4,787,847 to Martin, et. al., 
describes an electric toothbrush having an elongated 
5 handle from which extends a piezoelectric transducer 
having a brush head attached to its distal end. The 
piezoelectric transducer shaft is excited by an AC 
signal generated by a circuit within the handle. 
The circuit supplies a specific frequency signal to 

10 the shaft. The specific frequency is calculated to 
produce the desired resonant frequency vibration of 
the shaft. The resonant frequency of the transducer 
shaft is determined by its geometry. 

U.S. Patent No.'s 5,189,751 and 5,263,218 to 

15 Giuliani, describe an electric toothbrush having a 
toothbrush shaft driven by an electromagnetic motor. 
The toothbrush shaft, upon actuation by the motor, 
pivots about a pivot point to vibrate in a planar 
motion (up and down or side to side) . A spring is 

20 utilized near the pivot point to urge the shaft 

toward its neutral position. The '218 patent has 
similar specification and claims as the '751 patent, 
however, the '218 claims further include an energy 
recovery circuit for storing reactive energy to 

25 eliminate or reduce the energy lost during 
operation. 

The brush head vibrates at a frequency decided 
by the particular mass and pivot arrangement. The 
brush head, brush shaft, and pivot member are 

30 selected to have a natural mode of resonance at a 

predetermined frequency. If vibration at a resonant 
frequency is desired, the operating frequency of the 
drive system is selected to be relatively close to 
the resonant frequency of the mechanical system 

35 (brush head, brush shaft, pivot member) . The drive 
system can be de-tuned to vibrate at an off-resonant 
frequency from the mechanical system. Upon a 
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certain load being placed on the mechanical system, 
the frequency of vibration becomes resonant. 
Further loading then moves the vibration out of 
resonance. The characteristics of the brush head 
5 movement changes with loading. 

The aforementioned patents do not describe a 
system by which the brush head vibration is 
maintained at resonance throughout use to obtain the 
benefits of resonant vibration for cleaning teeth. 

10 The driving signals and spring-mass systems for each 
design are carefully selected to obtain resonant 
frequency at a given load. There remains a need for 
an electric toothbrush that maintains the vibration 
of the brush head at its resonant frequency under 

15 the variety of loads encountered during use. 

OBJECTS AND SUHHARY OF THE INVENTION 
The principal object of the present invention 
is to provide an improved electric toothbrush. 

Another object of the present invention is to 

20 provide an electric toothbrush having improved 
scrubbing performance. 

A further object of the present invention is to 
provide an improved electric toothbrush that 
maintains the optimiim scrubbing operation throughout 

25 the variety of loads encountered when in use. 

In accordance with the foregoing objects, the 
present invention is embodied in an oscillating tool 
having particular but not necessarily exclusive 
utility as an electric toothbrush. The tool 

30 comprises a tubular handle housing defining an 

interior chzunber and having an axial opening at one 
end. An electromagnetic motor is mounted in the 
chamber, the motor having an oscillatable armature. 
The armature is integrally formed with a mechanical 

35 oscillator, the mechanical oscillator having a 
resonant frequency. One end of the mechanical 
oscillator extends outwardly through the opening 
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while the other end is attached to the housing 
inside the chamber. 

A power source supplies an alternating current 
drive signal to the motor causing the armature and 
5 the mechanical oscillator to oscillate. An 

oscillation sensor is connected to the housing in 
the chamber and is in juxtaposition with the 
armature. The sensor generates a sensor signal in 
response to the oscillation of the armature and 

10 sends the sensor signal to a control circuit. The 
control circuit alters the frequency of the drive 
signal applied to the motor in response to the phase 
offset of the sensor signal. 

The drive signal has a frequency substantially 

15 equal to the resonant frequency of the mechanical 
oscillator, causing the mechanical oscillator to 
oscillate at its resonant frequency. The sensor 
signal is an alternating current having a frequency, 
and the drive signal frequency and the sensor signal 

20 frec[uency have a fixed phase difference when the 
mechanical oscillator is oscillating at resonant 
frequency. The control circuit alters the drive 
signal to maintain the fixed phase difference under 
the variety of loads placed upon the mechanical 

25 oscillator while in use. 

More specifically, the present invention 
comprises a new and improved oscillating 
tool/electric toothbrush where the mechanical 
oscillator comprises a drive shaft and a spring. 

30 The spring is opereibly attached to the lower end of 
the drive shaft and to the handle housing inside the 
chamber. A brush head assembly attaches to an upper 
end of the toothbrush, and is driven in oscillatory 
motion by the resonant motion of the mechanical 

35 oscillator when the motor is activated. 

Other aspects, features and details of the 
present invention can be more completely vmderstood 
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by reference to the following detailed description 
of a preferred embodiment, taken in conjunction with 
the drawings, and from the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 FIG. 1 is a perspective view of an electric 

toothbrush embodying the present invention. 

FIG. 2 is a perspective view from the opposite 
side of the electric toothbrush as shown in Fig. 1. 
FIG. 3 is an end elevational view of the 
10 electric toothbxnish as shown in Fig. 1. 

FIGS. 4a and b are an exploded view of the 
components of the electric toothbrush shown in Fig. 
1. 

FIG. 5 is a section view taken substantially 
15 along the plane of line 5-5 of Fig. 2. 

FIG. 6 is an enlarged view of the electric 
toothbrush with exterior portions cut away to expose 
an interior chamber. 

FIG. 7 is a perspective view of the electric 
20 toothbrush inserted into a charging base. 

FIGS. 8a and b are a section view taken 
substantially along the plane of line 8-8 of Fig. 1. 

FIG. 9 is an enlarged partial section view 
taken s\ibstantially along the plane of line 9-9 of 
25 FIG. 1. 

FIG. 10 is a section view taken substantially 
along the plane of line 10-10 of FIG. 9. 

FIG. 11 is a section view taken substantially 
along the plane of line 11-11 of FIG. 9. 
30 FIG. 12 is a section view taken substantially 

along the plane of line 12-12 of FIG. 9. 

FIG. 13 is a schematic diagram of the 
electromagnetic motor components and feedback sensor 
during rotation. 
35 FIG. 14 is a block diagram of the circuitry 

involved in the operation of the present invention. 
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The present invention is embodied in an 
improved electric toothbrush 26 comprising an 
elongated txibular handle housing 20 defining an 
interior chamber 22, and an end effector or brush 
5 head assembly 24 extending from one end of the 

handle housing, as shown in Figs, l, 2, and 3. A 
motor 30, mechanical oscillator 32, control circuit 
34, and power source 36, as shown in Figs. 4, 5, 6, 
8 and 9, are located within the interior chaunber of 

10 the handle housing. The motor 30, mechanical 
oscillator 32, and control circuit 34 of the 
electric toothbrush 26 are operatlvely connected to 
achieve high-frequency operation in mechanical 
resonance to drive the brush head 28. 

15 raien in use, the user grips the electric 

toothbrush 26 around the handle housing 20 and 
activates the brush head assembly 24 by pressing an 
on/off switch 38 located on the handle housing. 
Activation of the on/off switch causes the brush 

20 head 28 to oscillate in a rotary manner about the 
longitudinal axis of the brush head assembly 24 at 
the resonant frequency of the mechanical oscillator 
32 (Figs. 4, 5, 6, 8 and 9), as indicated by the 
arrows in Fig. 3. Resonance is a vibration of large 

25 amplitude in a mechanical system caused by a 

relatively small periodic stimulus of the seme or 
nearly the same period as the natural vibration 
period of the mechanical system. 

The mechanical oscillator 32 which drives the 

30 bzush head 28 comprises a drive shaft 40, a portion 
of the motor 30, a portion of the brush head 
assembly 24, as further described below, and a 
spring 44 connected to the drive shaft by a spring 
retainer 42. The mechanical oscillator has a 

35 resonant frequency dependent on the inertial mass of 
its parts and the stiffness of the spring. Resonant 
frequency oscillation allows for large amplitude. 
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power efficient high frequency motion. The high 
frequency oscillation of the brush head 28, when 
engaging the user's teeth, acts to effectively and 
efficiently remove plaque and stains from the 
5 surface of the teeth, and also massages the guns. 

Figs. 4, 5, 6, 8 and 9 illustrate the handle 
housing 20 and the placement and inter-relation 
between the motor 30, drive shaft mechanical 
oscillator 32, control circuit 34 and power source 

10 36. The handle housing comprises an upper half 46 
and a lower half 48, together defining the interior 
chamber 22. The handle housing defines an aperture 
49 at an upper end 50 and an aperture 51 at a lower 
end 52 for use in accessing the interior chamber. 

15 The aperture 51 has a removeUsle plug 54 which is 
water tightly sealed, using an 0-ring 56, in the 
aperture 51 when closed. The plug is removed to 
discard the power source 36 when necessary. The 
upper and lower halves 46, 48 of the handle housing 

20 26 snap-fit together on an O-ring 58 forming a 
watertight seal. 

The on/off switch activator 38 is a waterproof 
depression switch. The on/off switch activator 
turns the electric toothbrush 26 "on" by a first 

25 depression, and turns the electric toothbrush "off" 
by a second depression. The switch activator 
comprises a waterproof switch button 60 supported by 
a switch frame structure 62. 

For supplying power to the electric toothbrush 

30 26, a rechargeable power source is housed in the 
lower end of the handle housing 20. An inductive 
charging coil 64 recharges the power source when the 
lower end 52 of the handle housing is placed in a 
charging base 68, as shown in Fig. 7. The power 

35 source comprises a DC battery, prefere^sly a pair of 
rechargeable DC batteries 66 connected in series. 
The charging base has a cord 69 and plug 71 to 
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receive energy from a standard wall electrical 
outlet (not shown) . The charging base has a 
recessed area 73 for holding the brush head 
assembly 24 when not in use. 
5 The motor 30 comprises a stator 70 and an 

armature 72. The stator is fixed in location with 
respect to the handle housing 20 and coniprises an 
electromagnet 74 with a ferromagnetic core. The 
stator has an elongated U-shape 76, with the 

10 ferromagnetic core as the base 78 of the U-shape. 

Each leg 80 of the elongated U-shape represents a 
magnetic pole, with the poles laterally opposing one 
another. The electromagnet of the stator comprises 
a pair of coils 82, 84 wound on a common axis around 

15 the ferroBiagnetic core. The commutation of the 
motor 30 is preferably controlled electrically, 
however mechanical commutation is contenplated. 

The armature 72 is an elongated shaft located 
between the laterally opposing legs 80 or poles of 

20 the stator 70, as shown in Fig. 10, and is rotatably 
supported in that location by a pair of bearings 86. 
The bearings 86 journal the armature for rotation 
relative to the stator, about a longitudinal axis 
88. The armature thus acts as drive shaft 40. The 

25 armature comprises a permanent magnet 92 with 

magnetically conductive extensions 94. Preferably 
two circular permanent magnets 96 are placed side by 
side in the armature 72 with similarly oriented 
magnetic poles. The motor 30 is located generally 

30 at the center of the length of the handle housing 
20. 

The brush head assembly 34 consists of a brush 
head 28 rigidly attached to an upper end 98 of a 
brush shaft 100. The brush head 28 has a plurality 
35 of bristles 102 extending outwardly therefrom to 
engage the user's teeth upon use of the electric 
toothbrush 26. A brush shaft housing 104, generally 
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10 

having an elongated tubular shape and defining an 
aperture 106, 108 at an upper end 110 and at a lower 
end 112, and also defining an elongated internal 
cavity 113, fits loosely over the brush shaft 100. 
5 The brush head 28 has a downwardly depending 

longitudinal extension 114 that inserts through the 
aperture 106 at the upper end 110 of the brxish shaft 
housing 104 and into a cavity 116 at the upper end 
98 of the brush shaft 100. The extension 114 is 

10 rigidly attached to the brush shaft 100. A shoulder 
120 proximate to the extension 114 abuts the upper 
end 110 of the brush shaft housing 104. The brush 
head 28 and brush shaft 100, in this configuration, 
are able to rotate in conjunction freely with 

15 respect to the brush shaft housing 104. 

To allow the brush head assembly 34 to be 
replaced, the brush head assembly is releasably 
operably attached to an upper end 122 of the handle 
housing. An upper end 124 of the drive shaft 40 is 

20 splined, and extends through the aperture 49 in the 
upper end 50 of the handle housing 20. The splined 
upper end 124 of the drive shaft 40 releasably 
inseirts into and mates with a splined cavity 126 at 
a lower end 118 of the brush shaft 100. The splined 

25 fit between the drive shaft 40 and brush shaft 100 
creates a tight coupling fit allowing the efficient 
transmission of torsional forces while minimizing 
any losses in amplitude of motion. The drive shaft 
40 has an annular raised area 128 proximate to the 

30 upper splined end 124 that fits into an annular 

depression 130 on the Interior of the splined cavity 
126, providing a releasable snap-fit between the 
brush shaft 100 and the drive shaft 40. 

For providing a watertight seal to keep 

35 moisture and other foreign matter from entering the 
interior chamber 22 of the handle housing, a 
flexible boot 132 fits over the drive shaft 40 and 
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engages the handle housing 20 at the point where the 
drive shaft exits the upper end 50 of the handle 
housing. A collar 134 made of elastomeric material 
is attached to the lower aperture 108 of the brush 
5 shaft housing 104. The collar 134 not only acts to 
identify the brush head assembly 24 by color, but 
also acts to isolate the oscillating motion of the 
mechanical oscillator in the brush head 28. 

The mechanical oscillator 32 comprises a mass, 

10 a spring 44, and an excltor, such as the 

electromagnetic motor 30, to drive the oscillator in 
resonant motion. The mass of the mechanical 
oscillator 32 of the present invention is made up of 
the drive shaft 40, including the armature 72 near a 

15 lower end 136, the brush shaft 100, brush head 28, 
spring retainer 42 and a portion of the spring 44. 
The spring 44 is a coil spring in the preferred 
embodiment, and operates in torsion around the 
longitudinal axis of the coil. As shown in Figs. 8 

20 and 9, the coil spring is attached to the lower end 
136 of the drive shaft 40 by the spring retainer 42. 
A lower end 138 of the spring is attached to the 
spring retainer, and the spring retainer is attached 
to the drive shaft 40 so that the longitudinal axis 

25 of the drive shaft is substantially the same as the 
longitudinal axis of the coil spring. The lower end 
136 of the drive shaft 40 fits within the inner 
diameter of the coil spring 44 in order to conserve 
space. The integral relationship of the armature 72 

30 within the structure of the mechanical oscillator 32 
is a txnigue feature of this motor construction. 

One end 140 of the coil spring 44 is fixed in 
place within the chamber 22 of the handle housing 
20, prefereJDly by a stator cap 142. The stator cap 

35 is located between the armature 72 portion of the 
drive shaft 40 and the lower end 136 of the drive 
shaft. The stator cap has an axial hole 144 through 



wo 95/33419 



PCT/US95/06898 



12 

Which the drive shaft extends. The stator cap is 
fixed in position within the interior chamber of the 
handle housing, and partially abuts a lower end 146 
of the stator. 

5 The stiffness characteristics of the parts that 

make up the inertial mass of the mechanical 
oscillator, including the brush head 28, brush shaft 
100, drive shaft 40, and spring retainer 42 results 
in the spring rate and torsional properties of the 

10 mechanical oscillator being substantially due only 
to the coil spring 44. The natural resonant 
frequencies of the variety of parts that comprise 
the mass portion of the mechanical oscillator are 
designed to be very different (higher) from the 

15 resoneuit frequency of the mechanical oscillator. 
This difference helps maximize the efficiency of 
transmission of the oscillation motion through the 
drive shaft and associated parts. 

The drive shaft 40 is preferably maintained in 

20 radial position along the longitudinal axis of 

rotation of the armature 72 by roller bearings 86, 
each having an inner race 148, an outer race 150, 
and ball bearings 152. One roller bearing is at the 
upper end 124 of the drive shaft 40, while the other 

25 is at the lower end 136 of the drive shaft. The 
upper roller bearing supports the drive shaft 
proximate to an upper end 154 of the stator 70. A 
lower bearing supports the drive shaft between the 
armature 72 and the lower end 136 of the drive 

30 shaft. The outer races 150 of both of the bearings 
are fixed in position within the interior chamber of 
the handle housing. The inner races 148 of each of 
the bearings are operably attached to the drive 
shaft to allow the drive shaft to rotate while 

35 prohibiting any substantial side-to>side movement. 
It is contemplated that other types of bearings 
having adequate frictional qualities could be used. 
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The stiffness characteristics of the coll 
spring 44 in the preferred embodiment provides 
sufficient thrust bearing capacity to handle the 
thrust load placed on the drive shaft 40 through the 
5 brush head 28 during use. 

While the preferred embodiment for the spring- 
mass system for the mechanical oscillator 32 is 
preferably the coil spring 44 attached to the drive 
shaft 40, other "springonass" enbodinents are 

10 possible. For example, a torsion bar, which 

combines the mass and spring In one body may be 
utilized. Also, an elastomerlc mass encapsulating 
the drive shaft to act as a spring, or a flat spring 
mounted perpendicular to the axis of rotation to 

15 supply the desired spring rate by acting as a beam 
in bending under the applied moment couple may be 
used. Further, multiple- frequency oscillators nay 
also be designed to be controlled to maintain a 
multiple of resonant frequency motion, or 

20 coinbinations thereof, under a variety of loads. 

A flexible integrated circuit board 156 
containing the circuitry for operating the electric 
toothbrush 26 of the present invention is bent 
aroxind the internal circumference of the interior 

25 chamber 22 of the hemdle housing 20. An internal 

frjunework bobbin carrier 158 supports the integrated 
circuit board while also holding the power source 36 
and induction charging coil 64. The bobbin carrier 
158 is fixed in position inside the interior chamber 

30 22 of the handle housing. 

Fig. 14 illustrates the electrical design for 
operating the electric toothbrush 26. The majority 
of the electrical design relates to the commutation 
of the motor 30 in a manner which operates the 

35 mechanical oscillator 32 at its resonant frequency 
of vibration. 
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Activator circuitry 160 includes the on/off 
switch 38, described previously, which is activated 
by a user of the electric toothbrush 26 alternately 
to power and to turn off the toothbrush 26. When 
5 the user of the toothbrush 26 activates the on/off 
switch 38 of the activator circuitry 160, the power 
supply circuitry 162 which includes the DC 
batteries 66 and the power source 36 causes energy 
stored by the DC batteries 66 to be applied to the 

10 control circuit 34 and, in turn, to the motor 30. 
Battery charging circuitry 163 is coupled to the 
power supply circuitry 162. 

The control circuit 34 includes phase-locked 
loop circuitry 164 which is powered by the operation 

15 of the power supply circuitry 162 by way of the 
line 166 and is coupled to receive signals by a 
sensor 168 on line 170. The phase-locked loop 
circuitry 164 is operative to generate control 
signals on line 172. Line 172 is coupled directly 

20 to the motor 30 and to an inverter circuit 174. The 
inverter circuit 174 inverts the values of the 
control signals generated on line 172 and generates 
inverted signals on line 176 which are also applied 
to the motor 30. Line 176 is also coupled to an 

25 input of the phase-locked loop circuitry 164. 

More particularly, the control signals 
generated on line 172 and the inverted signals 
generated on line 176 are applied to commutator 
switch circuitry 178 of the motor 30. The 

30 commutator switch circuitry 178 includes commutating 
switches, preferably transistor switches, which, 
when in selected switch positions, selectively 
provide operative power to the coils 82, 84 of the 
coils and drive motor shaft 180 by way of lines 182. 

35 The drive shaft 40 of the coils and drive motor 
shaft 180 oscillates, in manners described 
previously, to effectuate motion of the brush 184 
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which comprises the brush head 28 and the brush 
shaft 100, described previously. 

Oscillation of the drive shaft of the coils and 
drive motor shaft 180 is sensed by the sensor 168 
5 and signals of values representative of the position 
of the drive shaft are generated on line 170 to be 
provided to the phase-locked loop circuitry 164. 
The control signals generated by the phase-locked 
loop circuitry 164 control the switch positions of 

10 the switches of the commutator switch circuitry 178 
in manners to control the relative phase between the 
frequency at which power is applied to the coils 82, 
84 and the oscillation frequency of the drive shaft. 
By appropriate activation and deactivation of the 

15 switches of the cononutator switch circuitry 178, the 
desired phase difference may be maintained. 

The sensor 168 generates the signal on line 170 
which is coupled to the phase-locked loop 
circuit 164 to permit the resonant oscillation of 

20 the mechanical oscillator 32 to be maintained under 
a variety of loads. The phase difference 
oscillation of the drive shaft 40 and that of the 
power applied to the stator electromagnetic coils 
82, 84 is a known value at resonance, and shifts 

25 away from that point in a predictedale fashion. The 
control signals generated by the circuit 164 cause 
operation of the commutator switch circuitry 178 at 
a frequency determined to maintain the phase 
difference necessary for resonant frequency 

30 oscillation regardless of the load while in use. 

Preferably the sensor 168 is a magnetic sensor 
comprising a sensor coil 190 and a sensor permanent 
magnet 192, as shown in Figs. 7 and 11. The sensor 
permanent magnet is mounted on the spring retainer 

35 42, and the sensor coil 190 is located on the 

circuit board 156 proximate to the location of the 
sensor magnet 192. The motion of the drive shaft 40 
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When the motor 30 is excited causes the sensor 
magnet 192 to move past the sensor coil 190 at the 
frequency of oscillation of the drive shaft, thus 
generating the signal on the line 170 representative 
5 of the frequency of oscillation of the drive shaft 
40. The line 170 is provided to the circuitry 164 
so the circuitry 164 can continually control the 
commutator switch activation of the commutator 
switch circuitry 178 as necessary. 

10 A magnetic sensor is preferred because the 

magnetic sensor acts as a differentiator euid thus 
the sensor signal is proportional to velocity. 
Velocity feedback is relatively insensitive to 
placement of the sensor itself, permitting greater 

15 tolerance on where the sensor is located during 
manufacturing. Polarity of sensor placement 
relative to the driving signal at the stator is 
important to minimize the effect of the magnetic 
field of the stator on the sensor coil 190. 

20 There is a capture range of frequencies in 

which the frequency of signal generated on line 170 
must be located in order for the circuitry 164 to 
operate correctly. The capture range is determined 
by the design of the phase-locked loop circuitry 164 

25 and by the ability of the sensor 168 to sense 

adequately the motion of the sensor magnet 192 and 
provide the signal on line 170. The resonant 
frequency of the mechanical oscillator 32 must be 
within the capture range in order for the circuitry 

30 164 to maintain the mechanical oscillator in 

resonant frequency oscillation. If the initial 
driving of the coils 82, 84 is within this capture 
range, oscillation of the armature 72 is caused at 
em adequate frequency for the circuit to lock onto 

35 the correct phase difference and oscillate the 

mechanical oscillator 32 at resonant frequency. The 
capture range of the present invention is about 
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200Hz to about 300Hz. The phase-locked loop 
circuitry also has a lock range in which it will 
continue to maintain the desired phase relationship, 
the lock range being different from the capture 
5 range. 

When the toothbrush 26 is activated, the power 
source 36 of the power supply circuitry 162 powers 
the motor 30 by way of the control circuit 34 to 
cause potentials to be applied to the 

10 electromagnetic coils 82, 84 on the stator 70. The 
potential to the coils 82, 84 generates a magnetic 
field with a pole in each of the legs 80 of the U- 
shaped stator. The electromagnetic field makes the 
armature 72 experience a moment couple which causes 

15 the armature to rotate in a .manner to attempt to 

align its poles with those of the electromagnet. As 
the armature rotates, its movement is resisted by 
the coil spring 44. When the drive signal provides 
potential to force the armature in the opposite 

20 direction, the armature again will be resisted by 

the coil spring. When the potential is removed from 
the electromagnetic coil, regardless of the 
direction of the rotation of the armature, the coil 
spring provides a restoring force to the armature. 

25 The amplitude of rotation for the preferred 

embodiment of the present invention is up to about 
14" off of center, as denoted by A in Fig. 11. It 
is contemplated that the amplitude of motion can be 
modified for almost any desired range by modifying 

30 the geometry of the motor 30 and the spring-mass 
characteristics of the mechanical oscillator 32. 

The oscillation of the armature 72 causes the 
entire drive shaft 40 to move accordingly within the 
bearings 86. The drive shaft is operably connected 

35 to the brush shaft 100 by a spline joint, as 
previously described. The spline joint is an 
efficient coupling and minimizes any motion losses 
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through the connection. The rigid connection 
between the brush shaft and brush head 28 also 
minimizes any motion losses. The brush head and 
brush shaft are able to move freely within the brush 
5 shaft housing 104 without any substantial adverse 

affect (such as damping or loading) on the resonant 
oscillation from the brush shaft housing. The 
collar 134 provides vibration isolation to the brush 
shaft housing 104 and helps concentrate the 

10 oscillation of the mechanical oscillator 32 in the 
brush head 28. 

The oscillation of the mechanical oscillator 
32, or the drive shaft 40 specifically, is sensed by 
the sensor 168, and signals indicative of the 

15 oscillation are generated on line 170. The 

circuitry 164 generates control signals on line 172, 
and, in turn, inverted signals are generated upon 
line 176 to adjust the rate at which the switches of 
the commutator switch circuitry 178 are opened and 

20 closed, thus to drive the mechanical oscillator 32 
at resonant frequency. 

When a load is placed on the mechanical 
oscillator 32, such as when electric toothbrush 26 
is used to brush one's teeth, the frequency of 

25 oscillation is affected. The sensor 168 generates 
signals on line 170 representative of the new 
frequency of the drive shaft 40 due to the load, 
which causes the circuitry 164 to produce control 
signals on line 172, to maintain the known phase 

30 difference in order to keep the mechanical 

oscillator oscillating at resonant frequency under 
the applied load. The circuitry 164 is thus capable 
of maintaining resonant frequency oscillation of the 
mechanical oscillator 32 under a variety of loads, 

35 provided that the resonant frequency of the 

mechanical oscillator, given a certain load, is 
within the lock range of the control circuit. 
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The continuous adjustment of the drive signal 
by the circuit 164 to maintain resonant frequency 
oscillation under a variety of loads has several 
benefits. The major benefit is the tooth-cleaning 
5 performance, which is always at a maximum amplitude 
of bmish head movement, and hence at maximum 
brushing efficiency because the mechanical 
oscillator is always running at resonance. Another 
is the impact on manufacturing costs. Because the 

10 circuitry 164 is in effect self-adjusting within the 
capture range, the operation of the present 
invention is fairly insensitive to variations in the 
physical tolerances of the piece-parts used in 
manufacturing, thus reducing many manufacturing 

15 costs, including inspection and testing. The spring 
rate or inertial mass characteristics of the 
mechanical oscillator 32 nay reasonably vary without 
affecting the performance of the present invention. 
Avail2d>le electric toothbrushes operating at 

20 resonance are more costly to manufacture because 
their performance is extremely sensitive to 
variations in the characteristics of the mechanical 
oscillator. 

The preferred embodiment discloses the use of 
25 the present invention for electric powered tooth 
brushing having a rotary oscillating motion. It 
should be understood that the present invention is 
contemplated to be suitable to provide resonant 
oscillation in any motion where small euaplitude and 
30 high frequency motion under a light to moderate load 
is desired. This would include, but not be limited 
to, scrubbing, polishing, stirring, mixing, 
blending, agitating, or engraving. 

A presently preferred embodiment of the present 
35 invention and many of its improvements have been 
described with a degree of particularity. This 
description has been made by way of a preferred 
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example and is based on a present understanding of 
knowledge available regarding the invention. It 
should be understood, however, that the scope of the 
present invention is defined by the following 
5 claims, and not necessarily by the detailed 
description of the preferred embodiment. 
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THE INVENTION CLAIMED IS: 

1. An oscillating tool comprising: 

a. a tiibular handle housing defining an 
interior chamber and an axial opening at one end 

5 thereof, 

b. an electromagnetic motor mounted in 
said chamber, said motor including an oscillatable 
armature, 

c. a mechanical oscillator having a first 
10 end and a second end, said mechanical oscillator 

integrally formed with said armature, said 
mechanical oscillator having a resonemt frequency, 
said first end of said mechanical oscillator 
extending outwardly beyond said housing through said 
15 opening, and said second end being operably attached 
to said hemdle housing, 

d. a power source operatively connected 
to said motor, said power source supplying an 
alternating current drive signal to said motor 

20 actuating said armature and said mechanical 
oscillator to effect oscillation thereof, 

e. an oscillation sensor mounted on said 
housing in juxtaposition with said armature and 
generating a sensor signal in response to the 

25 oscillation of said armature, and 

f . a control circuit receiving said 
sensor signal and altering the frequency of said 
drive signal applied to said motor in response to 
said sensor signal. 

30 2. An oscillating tool as defined in Claim 1, 

wherein said drive signal has a frequency 
substantially equal to the resonant frequency of 
said mechanical oscillator, causing said mechanical 
oscillator to oscillate at said resonant frequency. 

35 3. An oscillating tool as defined in Claim 2, 

wherein: 
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a. said sensor signal is an alternating 
current based on the oscillation of said mechanical 
oscillator, 

b. the frequency of said drive signal and 
5 the frec[uency of sensor signal having a fixed phase 

difference therebetween when said mechanical 
oscillator is oscillating at said resonant 
frequency, and 

c. said control circuit altering said 
10 drive signal to xaaintain said fixed phase 

difference. 

4. An oscillating tool as defined in Claim 3, 
wherein said mechanical oscillator further comprises 
a drive shaft having an upper end and a lower end, 

15 and a spring, said spring operably attaching said 
lower end of said drive shaft to said interior 
chamber. 

5. An oscillating tool as defined in Claim 4, 
wherein said spring is a coil spring defining a 

20 substantially tubular shape and having an upper end 
and a lower end, said lower end of said shaft being 
inserted into said coil spring and opereibly attached 
to said lower end of said spring, and said upper end 
of said spring being fixed within said interior 

25 chamber. 

6. An oscillating tool as defined in Claim 1, 
further comprising a brush head assembly being 
operably attached to said upper end of said 
mechanical oscillator. 

30 7. An oscillating tool as defined in Claim 6, 

wherein said brush head assembly comprises an 
elongated brush shaft, a brush head rigidly attached 
to said brush shaft, said brush head having a 
plurality of bristles extending therefrom, and a 

35 hollow elongated brush shaft housing, said brush 

shaft inside said brush shaft housing, an upper end 
of said brush shaft housing joumaling said brush 
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head and brush shaft and allowing said brush shaft 
and brush head to rotate independently of said brush 
shaft housing, and wherein a lower end of said brush 
shaft engages said upper end of said mechanical 
5 oscillator causing said brush shaft to oscillate 
concurrently with said mechanical oscillator. 
8. An oscillating tool comprising: 

a. a handle housing defining an interior 

chamber; 

10 b. an electromagnetic motor having a 

oscillatable armature, said armature having a 
portion positioned in said interior chamber; 

c. a drive shaft integrally formed with 
said armature and extending longitudinally inside 

15 said interior chamber, and having an upper end 
extending through said housing; 

d. a spring having an upper end opereibly 
attached to said handle housing and a lower end 
attached to a lower end of said drive shaft, said 

20 drive shaft and spring in conjunction having a 
resonant frequency, 

e. a power source operatively connected 
to said motor, said power source supplying an 
alternating current drive signal to said motor for 

25 actuating said armature and said drive shaft and 
said spring to effect oscillation thereof, 

f . an oscillation sensor mounted in said 
housing in juxtaposition with said armature and 
generating a signal in response to the oscillation 

30 of said armature, and 

g. a control circuit receiving said 
sensor signal and altering the frequency of said 
drive signal applied to said motor in response to 
said sensor signal. 

35 9. An oscillating tool as defined in Claim 8, 

wherein said drive signal has a frequency 
substantially equal to the resonant frequency of 
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said drive shaft and said spring, causing said drive 
shaft and said spring to oscillate at said resonant 
frequency. 

10. An oscillating tool as defined in Claim 9, 
5 wherein: 

a. said sensor signal is an alternating 
current based on the oscillation of said mechanical 
oscillator, 

b. the frequency of said drive signal and 
10 the frequency of said sensor signal having a fixed 

phase difference therebetween when said drive shaft 
and said spring are oscillating at said resonant 
frequency, and 

c. said control circuit altering said 
15 drive signal to maintain said fixed phase 

difference. 

11. An oscillating tool as defined in Claim 
10, wherein said spring is a coil spring defining a 
substantially tubular shape and having an upper end 

20 and a lower end, said lower end of said shaft being 
inserted into said coil spring and operably attached 
to said lower end of said spring, and said upper end 
of said spring being fixed within said interior 
chamber. 

25 12. An oscillating tool as defined in Claim 8, 

further comprising a brush head assembly being 
opereUOly attached to said upper end of said 
mechanical oscillator. 

13. An oscillating tool as defined in Claim 

30 12, wherein said brush head assembly comprises an 

elongated brush shaft, a brush head rigidly attached 
to said brush shaft, said brush head having a 
plurality of bristles extending therefrom, and a 
hollow elongated brush shaft housing, said brush 

35 shaft Inside said brush shaft housing, an upper end 
of said brush shaft housing joumallng said brush 
head and brush shaft and allowing said brush shaft 
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and bxTish head to rotate Independently of said brush 
shaft housing, and wherein a lower end of said brush 
shaft engages said upper end of said drive shaft 
causing said brush shaft to oscillate concurrently 
5 with said drive shaft. 

14. A brush head assembly comprising: 
an elongated brush shaft, a brush head rigidly 
attached to said brush shaft, said brush head having 
a plurality of bristles extending therefrom, and a 

10 hollow elongated brush shaft housing, said brxish 

shaft inside said brush shaft housing, an upper end 
of said brush shaft housing journal ing said brush 
head and brush shaft and allowing said brush shaft 
and brush head to rotate independently of said brush 

15 shaft housing. 
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